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Abstract 
 
The paper presents the analysis and investigation of the state of art in the field of metallurgy copper alloy in the reduction conditions. 
In the presented work it has been decided to show the results of the industrial investigations obtained with reference to Cu-Si, Cu-Sn and 
Cu-Zn alloys in the reduced melting conditions. 
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1. The introduction 
 
It proves that there is a big discrepancy in the opinions on the 
structure and the basic features of slag as well as the essence of 
their interaction with refined metal and the atmosphere of melting. 
There are three methods of slag refining in the copper alloys 
melting conditions: the oxidising [1-15], the neutral and the 
alternative method of melting copper and its alloys in conditions 
of reduction with an activator introduced into the slag [1-9, 11, 
13]. 
The active components of melting atmosphere influence the 
processes taking place while slag refining An alternative for that 
methods is gas-slag refining [6, 14] in where the concentration of 
impurities extracted by the slag is obtained. Most of the 
experiments have shown that in this way is possible to  
achieve optimum economic and technological results. On the 
basis of the analysis of the problem and the results of the author’s 
research [1-9] it is stated that the most promising are the reducing 
conditions of refining. In the previously works author [5, 8] has 
been presented scheme of interaction of chemical reagents in the 
melting copper conditions as: carbide compound, metal, or 
carbon.  
 
 
2. The analysis of the problem 
 
Basic on the reaction describing the carbide dissociation 
mechanism: 
 
{ Xm Cn}   {X →
m+} +  { C
n-}                           (1) 
 
To stand of carbon as of ion {C
-}  is impossible acceptable, 
because element this having  construction 1s
2 s
2p
2 can  
create following ions:  
 
{C
- } → {C
2+} + 3e                                          (2) 
  or : {C
- }     {C →
4+} + 5e                                            (3) 
  or : {C
- } → {C
+} + 2e   <C> + 1e                        (4)  →
  or: {C
- }  → {C
4-} - 3e                                          (5) 
      Course of reaction after the example 5 is impossible. Carbon 
would have to then to step out in configuration of helium. Course 
of reaction 4 is instead description of creation of soot. Effect this 
is observed in founding.  
Described with equalizations 2-4 ionic reactions explain 
specificity of influence of carbon  in carbide slag. Show, that his 
melting and strong influence reducing results from occurrences in 
slag  mostly of ions { C
2 + } or { C
4 + }. To similar conclusions led 
investigations E. Krasicka-Cydzik [11]. Released in this manner 
in slag  electrons are main link in mechanism exchanges of ions 
on border of distribution of phases S-M. On the basis of the 
thermo gravimetrical measurements an original methods, which 
modulates real conditions of reacting, was elaborated [3, 7] On 
the basis of this measurements system a method of interpretation 
the slag property was proposed. The method enables estimation of 
refining features of slag (S). In the experiments with 
derywatograph refined alloy is replaced with non-metallic 
inclusions (WN) in the melting pot. The inclusions are introduced 
into the slag in proportions which respond with the melting losses 
of the alloy. Al2O3 standard is proposed to be replaced with S+R 
(where R-reducer) refining sample. This made it possible to 
achieve thermal and mass effects concomitant with reduction 
reactions of WN which are is in the slag. The analysis of slag 
containing WN [7] allowed to establish the possible combinations 
of EW and r values together with a proposed explanation. On the 
basis of calculations it was also found that due to the differences 
in vaporisation or reaction with the atmosphere of compositions 
the simultaneous consideration of two values (r and EW) is 
necessary. Proposed numerical indexes of EW and r are regarded 
as a measure of refining abilities of the whole system A-S-WN-R. 
It enabled optimisation of alternatives of WN interactions with 
carbides and carbide-originating metals in slag of various 
different chemical compounds. The metallurgical processes taking 
place in real conditions involve interaction between metal 
atmosphere, liquid slag and liquid metal as well as non-metallic 
inclusions. Each of the mentioned above composites of the 
melting system has different properties. Their mutual interaction 
influence the change of the properties of the whole system. The 
analysis of metallurgical processes is usually limited to the 
chemical composition analysis of the slag formed in a result of the 
reduction process. However, no structure investigations have been 
attempted until now. A.W. Bydalek represented cycle of article 
sacrificed to analysis of structural slag [4, 9]. Showed, that in   
carbide slag reaches not only dissociation of carbides (for 
example calcium carbide carbide) but also schedule  of some slag 
components (such silicon in  to the SiO2 based slag) 
 
 
3. Industrial investigations  
 
3.1. The bronze melting  
 
On the basis of the author’s industrial research [1,2,6,8,9] it 
has been described the influences of same alloys compounds on 
the chemical composition, structure, properties and segregation 
effect of the ingot. The experiments on bronze melting with the slag 
refining proved that optimum is achieved. For example for silicon 
bronzes are selected refiner with calcium carbide, carbon and 
aluminium as the complex reagent. The reducers of this kind not 
only make it possible to keep a constant deficit of impurities in 
the slag layer but also let carbon in the melting atmosphere. The 
efficiency of eliminating oxygen out of the melting atmosphere is 
much bigger – 10 
-6 –10
-9 hPa  oxygen partial pressure. The author 
slag constitution with the carbon reagents has been applied in 
metallurgical and foundry conditions. 
 
 
                                 a)                                                      b) 
Fig. 1. Probe  - the macro (0,5x) of the industrial BK331 ingot 
before (a) and after (b) carbide slag  
 
The alloy marked as B101 was melted in an induction’s 
crucible furnace with the capacity 10 kg, then casted in metal 
moulds. In virtue of the previous investigations the reducing slag 
(S1) selected one based on the oxides (Tab.1) with the additions 
(to the slag) 40%CaC2 granulated 18-25 mm as slag activators 
was used (probe 1). Pictures 1 shows the macro and 
microstructure with  has been obtained. Later there are the same 
slag used  with argon, there are in to the melting brass introduced 
(probe 2) and  argon with 10% CaC2  (granulated 0,1 - 0,8 mm) as 
probe 3. Pictures 2 and 3 shows the macro and microstructure. To 
exclude as much as possible the negative influence of the 
atmospheric factors upon the technology presented here the 
process of  
 
Table 1. 
The slag compositions 
 Al2O3 
mass % 
Na2BB4O7 
mass % 
SiO2 
mass % 
Reaction 
stimulators mass % 
S1  40 30 10  20 
 
melting is run in induction crucible furnaces - 800 kg. With the 
ceramic cover. The coating is of high – active slag (S1 – Tab.1.) 
activated with 40% compound carbides (CaC2 ) The reducers of 
this kind not only make it possible to keep a constant deficit of 
impurities in the slag layer but also let carbon and metals actives 
factors in the melting atmosphere. The efficiency of eliminating 
oxygen out of the melting atmosphere is much bigger –   
10 
-6 – 10
-9 hPa oxygen partial pressure. 
Before spilling the metal prepared in this way is refining during 5 
minutes with gas-argon, or gas-argon-carbide there are distributed 
every by the rotation head – ECOLASER). All are in automatic 
cycle. Thus as result, reducing conditions of melting are obtained 
which allows to avoiding negative oxygen and hydrogen 
interaction. In the course of melt a chemical constitution of the 
alloy with glow LECO GDS 750 is corrected. The Table 2 
presents the results of chemical analysis and mechanical 
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2-4 the structure of the ingot . 
 
Table 2.  
Results of the mechanical and chemical analysis 
 R m 
[MPa] 
A5 
[%] 
***Po 
[%] 
O2 wt 
[%] 
P. wt 
[%] 
S1 + CaC2 *- with 
the slag  281,3 20,5  0,92 0,0068 0,031 
S1 + CaC2 *- 
with the slag +Ar  327,7 25,0  0,68 0,0030  0,0028 
S1 + Ar + CaC2 
**- in to the 
melting alloy 
295,1 21,0  0,74 0,0042  0,0020 
*40%  wt. (to slag)  **10% wt. (to slag)  *** porosity  
 
 
 
Fig. 2. The macro – 0,5x (a), and microstructure – 100x (b) of 
the industrial B101 ingot after slag S1 + CaC2 refining 
 
 
 
Fig. 3. The macro – o5x (a) and microstructure – 100x (b) of the 
industrial B101 ingot after slag S1 + CaC2 with the argon 
refining flotation 
 
 
 
Fig. 4. The macro - 0,5x(a) and microstructure – 100x (b) of the 
industrial B101 ingot after slag S1 + CaC2 with the argon refining  
flotation  contains CaC2
 
The results of the micro and macrostructure investigations 
presented in this work have confirmed the argument on low 
reducing effectiveness of carbide regard to CuSn10Pb alloy. A 
considerable intensifying of the reduction processes have very 
great influence on the structure. However the alloys in accordance 
with the technology presented have very good properties, flowing 
power and degree of fineness structure homogeneity and little loss 
in remelting. The high technical – economic indexes characteristic 
of the technology for the manufacturing of bronze B101 have 
been obtained through the application active slag and helping 
process through the refining carbon carbide introduced with argon 
into the melting alloy.  
 
 
3.2. The brass melting 
 
  The slag constitution  (Table 3) with 40% addition of reagent 
has been applied in metallurgical  and foundry conditions. There 
are used two kind of reagent: R1 with CaC2 and C in proportions 
as  3:2:0,2, and  R2 with Al:CaC2:C:in proportions as 4:2:0,1. The 
alloy was marked in Poland as M059 melted in the induction 
crucible furnace with the capacity of 800 kg and in the foundry 
conditions in the channel induction crucible with the capacity of 
300 - 500 kg. The Table 4 compiles the obtained properties of the 
alloy which has been casted as the ingot. In the Table 5 there are 
compile the chemical composition of the used prepared alloy and 
later casted in metal moulds. 
 
Table 3. 
Slag composition  
Slag, wt % 
 Al2O3 Na2CO3 Na3BB5O7 SiO2 Reaction 
stymulators 
Z1 15 25  12  40  8 
Z2 8 10 —  52  30 
 
Table 4.  
The properties of the CuZn39Pb2 (MO59) brass 
  Melting in to the 
induction crucible 
furnace 
Foundry conditions with the 
cannel induction crucible 
 Rm 
MPa 
A5 
% 
*Po
% 
Rm 
MPa 
A5 
% 
Po
% 
Ż+R1 387 15,7 1,5 391  16,3  1,2 
Ż+R2 396 13,2 1,4 389  17,5  0,5 
*   porosity  
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Chemical analysis and charge composition of the CuZn39Pb2  
(MO59) brass 
Slag   
Ż1+R1 
 
Ż1+R2 
Chemical 
compsition 
 
  Cu 57,43  57,85  57,31  57,38 
  Zn 40,11  39,74  40,34  40,21 
  Sn 0,13  0,13  0,13  0,12 
  Pb 1,91  1,86  1,84  1,81 
  Si 0,00  0,00  0,00  0,00 
  Mn 0,00  0,00  0,00  0,00 
  Fe 0,14  0,13  0,13  0,14 
  Ni 0,01  0,01  0,01  0,01 
  Al 0,25  0,26  0,23  0,23 
  Sb 0,01  0,01  0,01  0,01 
  Bi 0,0046  0,0046  0,0047  0,0046 
  P 0,0140  0,0140  0,0090  0,0110 
  Scrap of 
MO58  250 250  250  240 
  M63 
scrap  260 260  250  260 
  M63 
small cable  200 200  210  210 
  Pb 5,1  5  5,1  5 
  Al 1,88  1,88  1,90  1,80 
  Zn 33  34  34  33 
 
 
 
 
Fig. 5. The microstructure of the industrial MO60P ingot after slag 
Ż+R1(CaC2 and C in proportions as  3:2:0,2) 
 
 
 
Fig. 6. The  microstructure  of the industrial  MO60P ingot after 
slag Ż+R2 (with Al:CaC2:C:in proportions as 4:2:0) 
 
Apart from high quality brass a considerable reduction of melting 
losses was also observed (Fig. 5,6). The experiments on CuZn39Pb2 
brass melting proved that optimum is achieved while using technical 
carbide, aluminum and as stimulator NaCl with NaF. A refiner of 
commercial name RZ was patented and introduced to foundry and 
scrap processing industry. A refiner of commercial name RZ was 
patented and introduced to foundry and scrap processing industry. 
This assented as a confirmation of the following foundations that 
reduction conditions should be chosen on copper alloys deliberately 
but the essential emphasis should be put on properly elaborated 
factors of multistage reaction with essential usage of suitable metal 
reagents or  stimulators. 
 
 
4. Conclusion 
 
It has been described the influences of same alloys 
compounds on the structure and properties. The experiments on 
bronze and brass melting with the activity slag refining with calcium 
carbide, carbon and aluminum as the complex reagent showed that  
the reducers of this kind not only make it possible to keep a 
constant deficit of impurities in the slag layer but also let carbon 
in the melting atmosphere. The slag constitution with the carbon 
reagents has been applied in metallurgical and foundry conditions. 
In Polish Foundry there are used for kind of reagent with CaC2, C 
and Al in various proportions. The experiments on the B101 bronze 
gas-slag refining proved to until conclusion - best is reagent consist 
with technical carbide of Calcium. It has been described during 
gas-slag refining great influences of the segregation effects. A 
special refiner gas-slag refining method was introduced to scrap 
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bronze melting the most important flow on the structure and 
tendency of the mechanical properties the art of the refining 
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